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The kinetic spectrophotometric method for the determination 
of azlocillin in solutions
Aim. To develop the method for the quantitative determination of azlocillin.
Materials and methods. The study object was Securopen® – a powder of azlocillin (Azl) sodium in vials for preparation of 
the solution for injections (Azlocillin, 1.0 g). Peroxomonosulfate acid as triple potassium salt 2КНSO5 ∙ КНSO4 ∙ K2SO4 
(Oxone®) of “extra pure” qualification was used as an oxidant.
Results and discussion. The kinetics of the conjugated reactions of S-oxidation and perhydrolysis of Azlocillin 
(Azl) with potassium peroxomonosulfate in the alkaline medium has been studied by the increase of the forming product 
light absorbance at 275 nm. The conditions have been optimized, and the procedure of the quantitative analysis of 
Azl by the kinetic spectrophotometric method has been developed using potassium peroxomonosulfate as a reagent. 
RSD = 2.02 %.
Conclusions. The results of the drug analysis obtained by the developed and standard methods are in good 
agreement with each other; δ = +0.49 %.
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Кінетико-спектрофотометричний метод визначення азлоциліну у розчинах
Мета. Метою даної роботи була розробка методики кількісного визначення азлоциліну.
Матеріали та методи. Об’єктом дослідження був Securopen® – порошок натрію азлоциліну у флаконах для 
приготування розчину для ін’єкцій (Азлоцилін 1,0 г). Як окисник використовували пероксомоносульфатну кисло-
ту у вигляді потрійної калієвої солі 2КНSO5 ∙ КНSO4 ∙ K2SO4 кваліфікації “extra pure” (Oxone®).
Результати та їх обговорення. Вивчена кінетика спряжених реакцій S-окиснення та пергідролізу азлоци-
ліну з калію пероксомоносульфатом у лужному середовищі за світлопоглинанням утворюваного продукту при 
275 нм. Оптимізовані умови та розроблена методика кількісного визначення азлоциліну кінетичним методом з 
використанням калію пероксомоносульфату. RSD = 2,02 %.
Висновки. Результати аналізу препарату, одержані за новоопрацьованою та чинною методиками, добре 
узгоджуються між собою; δ = +0,49 %.
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Кинетико-спектрофотометрический метод определения азлоциллина в растворах
Цель. Целью данной работы была разработка методики количественного определения азлоциллина.
Материалы и методы. Объектом исследования был Securopen® – порошок натрия азлоциллина во фла-
конах для приготовления раствора для инъекций (Азлоциллин 1,0 г). Как окислитель использовали пероксо-
моносульфатную кислоту в виде тройной калиевой соли 2КНSO5 ∙ КНSO4 ∙ K2SO4 квалификации “extra pure” 
(Oxone®).
Результаты и их обсуждение. Изучена кинетика сопряженных реакций S-оксидирования и пергидролиза 
азлоциллина с пероксомоносульфатом калия в щелочной среде по светопоглощению образующегося продукта 
при 275 нм. Оптимизированы условия и разработана методика количественного определения азлоциллина 
кинетическим методом с использованием пероксомоносульфата калия. RSD = 2,02 %.
Выводы. Результаты анализа препарата, полученные с помощью разработанной и стандартной методик, 
хорошо согласуются между собой; δ = +0,49 %.
Ключевые слова: окисление; азлоциллин; валидация; пероксомоносульфат калия; 
спектрофотометрия
Introduction. Azlocillin (Azl) is an acylampicillin 
antibiotic with the extended spectrum of activity and grea- 
ter in vitro potency than carboxypenicillins. The activity 
of Azl and mezlocillin, new semisynthetic ureidopeni-
cillins, was studied and compared to that of other known 
β-lactam antibiotics [1].
Different methods, such as biological, chemical and 
physicochemical are recommended for its quantitative 
determination. Biological methods are based on the di-
rect antibiotic biological action on a test-microorganism 
sensitive to the given antibiotic. Disadvantages of the bio-
logical methods are the long-lasting procedure and the de- 
pendence of precision of the results on the external fac-
tors [2].
The extensive literature survey proposes various me- 
thods for the quantitative determination of penicillin 
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family preparations, such as HPLC, spectrophotometry, 
extraction photometry, iodometry, different variants of 
voltammetry, electrokinetic capillary chromatography and 
densitometry, kinetic analysis [3-11].
The aim of this study was to develop the method 
for the quantitative determination of azlocillin.
Materials and methods. All materials were of ana-
lytical reagent grade, and the solutions were prepared 
with double-distilled water.
The Azl sodium salt substance (CAS Number 37091-65-9) 
was used in the experiment. Azl sodium is the sodium 
salt form of Azl, a semi-synthetic agent, the extended 
spectrum acylampicillin with the antibacterial activity. 
Azl binds to penicillin-binding proteins located inside 
the bacterial cell wall, thereby inhibiting the cross-linkage 
of peptidoglycans, which are critical components of the bac-
terial cell wall. This prevents the synthesis of the proper 
bacterial cell wall, and results in weakening the bacte-
rial cell wall and eventually leading to cell lysis. Its che- 
mical structure is (2S,5R,6R)-3,3-dimethyl-7-oxo-6-{[(2R)-2- 
{[(2-oxoimidazolidinyl)carbonyl]amino}-2-phenyl- 
acetyl]amino}-4-thia-1-azabicyclo[3.2.0]heptane-2-carb- 
oxylate (C20H22N5NaO6S) [12]. 
Securopen® – a powder of Azl sodium in vials for 
preparation of the solution for injections (Azlocillin, 1.0 g), 
manufacturer Bayer, Switzerland, was studied in the pre-
sent work.
The procedure for preparing the Azl sodium standard 
solution was as follows. 500 mg of the Azl sodium salt 
substance was transferred to a 100 ml volumetric flask, 
dissolved in 50 ml of double distilled water, and the so- 
lution was diluted to the volume with double distilled 
water.
Potassium peroxomonosulfate was used as an oxi-
dant in the view of a triple potassium salt (2КНSO5 ∙ 
КНSO4 ∙ K2SO4) of the “extra pure” grade. Its commer-
cial name is Oxone® with the content of active Oxygen 
of 4.5 %. It is available, has good solubility and stability 
in water. It was proposed for the cefadroxil kinetic spectro-
photometric determination as an analytical reagent. The stan- 
dard electrode potential for redox semi-reaction HSO5- + 
2 H+ + 2 e- →HSO4- + H2O is 1.8 V [13-15].
The procedure for preparing the potassium peroxo-
monosulfate standard solution was as follows. 0.615 mg 
of Oxon was transferred in a 100 mL volumetric flask 
and diluted to the volume with double distilled water at 
20 ºС. The solution of potassium caroate was standardi- 
zed iodometrically.
Processing of the results was carried out by the “tan-
gent method” (the differential version). The rate was es-
timated by the slope of the linear section of the kinetic 
curve A – time (tgαazl, min-1).
The method on the initial rates (tangent method) was 
used to collect kinetic data (usually at 275 nm) following 
by appearance of the product of the perhydrolysis reac-
tion of Azl. The solution of sodium hydroxide was ther-
mostated in the cell compartment, and then the mixtu- 
res of solutions of Azl with the solutions of potassium 
peroxomonosulfate (the incubation time of 1 min) were 
added to the cell. The resulting solution was mixed tho- 
roughly and put into a spectrophotometer. The precision 
of the rate determination was usually ±2-5 %.
Aliquots of 0.50-10.00 mol L-1 of the Azl test so-
lutions studied were pipetted into a 50 mL volumetric 
flask containing 5 mL of 2 · 10-2 mol L-1 KHSO5 solution 
and mixed well. 5 mL of 0.06 mol L-1 NaOH solution 
was added to the flask, diluted to the volume and mixed 
well. The stopwatch was switched on after addition of 
the alkaline solution. The increase in absorbance of the so-
lution obtained at 275 nm was recorded as a function 
of time for 10 min against the reagent blank. It showed 
the dependence of the Azl alkaline solution absorption 
against time at 275 nm. They have linear dependence 
for the first 10-15 min. The initial rate of the reaction 
at different concentrations was obtained from the slope 
of the tangent to absorbance time curves. The calibra- 
tion graph was constructed by plotting the tangent of 
the initial rate of the reaction versus the concentration 
of Azl (C, µg mL-1).
Results and discussion. The electronic spectra of 
the interaction product of Azl with reagents depending 
on time are shown in Fig. 1.
The results of the experiment showed that the order 
of mixing had its impact on the kinetics and the yield of 
Fig. 1. UV absorption spectra of the system of 2 ∙ 10-4 mol/l Azl with 2 ∙ 10-3 mol/l potassium caroate 
in 0.01 mol/L of NaOH as a function of time (min): 1-3; 2-7; 3-11; 4-15; 5-19; 6-23; 7-27; 8-31
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Fig. 2. The scheme of peroxo acid oxidation and perhydrolysis conjugated reactions of Azl
the reaction. The highest rate of the product accumula-
tion was observed only after prior mixing of the sample 
of Azl under study with potassium peroxomonosulfate, 
and therefore, with the alkaline solution. The maximum 
activity of potassium caroate in the reaction was achie- 
ved in the concentration of 2 · 10-3 mol L-1.
The theoretical scheme of transformation of the re-
action product is given in Fig. 2.
The calibration plot for kinetic determination of Azl 
in the optimal conditions given in Fig. 3 shows that the tga 
linear concentration dependence was observed within 
the Azl content in the solution – 1-50 µg mL-1. This was 
a precondition for the possibility of using the kinetic me- 
thod in the analysis. 
The results obtained by the recommended procedure 
were for seven replicate titrations of mixtures containing 
three species in various concentrations. It is seen that 
Azl can be determined successively with good accuracy 
and reproducibility (Tab. 1).
The procedure of Azlocillin assay in vials was as fol-
lows. Azl sodium (ca 500 mg) was weighed accurately, 
dissolved in water and diluted to 100 ml. The content 
of the mixture was mixed well. 3.0 mL of the solution 
obtained was transferred in a 50 mL volumetric flask, 
further the calibration graph was constructed. The re-
sulting solution was measured every minute photomet-
rically in a quartz cuvette at 275 nm against distilled 
water (compensation solution) for the first 15 min, and 
the absorbance kinetic curves against time were construc- 
ted. The slope of the linear section of the kinetic curve, 
tgα, was determined.
The results of the Azl quantitative determination are 
given in Tab. 2. The method proposed has good accu-
racy, RSD = 2.02 %.
The content of C20H22N5NaO6S, g, in one vial (XAzl) 
was calculated using the equation: 
where: ast – is the sample weight of the working stand-
ard of Azl, g; tgαst – is the slope ratio of the kinetic 
curve in the experiment with the working standard of 
Azl, min-1; а – is the sample weight of the Azl pow-
der studied, g; ā – is the average weight of the vial, g; 
Table 1
Determination of Azl by the kinetic method using KHSO5 as an oxidizing agent
Taken, g
Determined by the 
kinetic method,* 
X ± ΔX
RSD (%) Recovery of the kinetic method (%)
1.346 1.36 ± 0.029 2.92 + 2.03 101.04
2.827 2.84 ± 0.041 1.39 + 0.46 100.46
5.498 5.55 ± 0.052 0.72 + 0.95 100.95
Notes: * Average of seven determinations (P = 0.95).
Table 2
The results of of the Azlocillin quantitative 
determination in Securopen® dosage form using 
potassium peroxomonosulfate (P = 0.95, n = 7)
Nominal 
Azl mass, g 
Actual Metrological 
characteristics g % 
SECUROPEN® Bayer (Germany)
1.001*
1.0018 
1.0129 
0.9956 
1.0258 
1.0105 
1.0113 
0.9928
100.08 
101.19 
99.46 
102.48 
100.95 
101.03 
99.18
x = 1.0072 (100.62 %) 
S = ± 0.01138 
Sx = ± 0.0043 
Δx = ± 0.01054 
RSD = 1.13 % 
ε = ± 1.05 % 
δ = + 0.62 %
Notes: *The content of Azl in the preparation was controlled  
by the independent method of iodometric titration [3].
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tgα – is the slope ratio of the kinetic curve in the experi-
ment with the Azlocillin solution, min-1. 
Conclusions and prospects of further research. 
The reaction kinetics of peroxyacidic oxidation and perhy-
drolysis of Azlocillin with potassium peroxomonosulfate 
in the alkaline medium has been studied. As an oxidizing 
agent the potassium triple salt of peroxymonosulfuric 
acid, 2KHSO5 ∙ KHSO4 ∙ K2SO4, syn. “Oxone”, was used. 
The procedure has been developed, and the possibility of 
the quantitative determination of Azlocillin in Securopen® 
preparation based on the results of the kinetic spectropho-
tometric method with potassium peroxomonosulfate as a 
reagent has been shown. RSD = 2.02 %, δ = +0.49 %. 
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